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INTRODUCTION* 
If a magnetic field is applied to a conductor in which an electric 
current is flowing, an electric field is established perpendicular to 
both the magnetic field and the electric current. This phenomenon, the 
Hall effect, was first discovered in 1Ô79 and is one of the class of 
galvano-magnetic effects of interest in the study of the electronic 
transport properties of conducting materials. 
Using the Lorentz force acting upon negative carriers, a simple 
derivation showed that the Hall electric field (E^) is proportional to 
the magnetic induction and to the current density**, 
Eg = RJxB 
where the proportionality or Hall constant is given by 
R = -l/Nne , (1) 
wherein 
N = Number density of atoms, 
n = Number of (conduction) electrons per atom, and 
e = Magnitude of the electronic charge. 
*This work was performed at the Carnegie Institute of Technology 
under the direction of Professor Eiaerson M. Pugh and by special arrange­
ment with the Graduate College of Iowa State University. 
**MKS units are used throughout this work, except where noted. 
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Following the introduction of quantum mechanics, a derivation by 
Soramerfeld and Frank (l) based upon the Sommerfeld model gave the same 
relations as above, although the distinction between a free and a 
conducting electron became apparent. 
Hall measurements on the alkali and noble metals confirmed the pre­
dicted dependence on magnetic field and current density, and in these 
materials the number of conducting electrons, calculated from the exper­
imental values of the Hall constant, were in reasonable agreement with 
the number found by other means. 
However, shortly after the discovery of the Hall effect, Kundt found 
that in ferromagnetic materials the Hall voltage was more nearly propor­
tional to the magnetization (M) than it was to the magnetic induction (B) . 
Using relatively low fields, Pugh (2) made simultaneous accurate measure­
ments of the Hall voltage and the magnetic properties of several magnetic 
materials. On the basis of this work and the earlier work of Smith and 
Sears (3), he suggested that the Hall electric field per unit current 
density, e^, be represented by a sum of two terns 
eH = Ro (yUoH) + RXM = RQB + (R^) M . (2) 
These results and later experiments by Pugh and Lippert (4) on an 
alloy for which JUQH was more nearly equal to M than was the case in the 
previous work (2) established the usefulness of this expression for the 
Hall effect in ferromagnetic substances. 
These early experiments were made at relatively low fields, so that 
only the second term in the expression for the Hall voltage was observed. 
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Since the values of n deduced from these early measurements on ferromag­
netic materials were much too small, it was proposed by Pugh and his co­
workers (5), based on a re-examination of some early data on nickel, that 
the R of Eq. 1 be equated to the Rq of Eq. 2. With the availability of 
high strength magnets, Schindler and Pugh (6) measured the Hall effect in 
some Ni-Cu alloys up to high field strengths and were able to separate 
the dependence on H from the much stronger dependence on M. Pugh and his 
co-workers called the two parts of the Hall effect the ordinary and the 
extraordinary Hall effects, proportional to H and to M, respectively, in 
order to distinguish them from the terms normal and abnormal already in 
use. 
Other measurements by Foner and Pugh (7) on some Co-Ni alloys were 
made, and these results, along with those on Cu-Ni, were analyzed on the 
basis of the relation 
R0 = -l/n*Ne . (3) 
This analysis showed that n*, the effective number of conduction electrons 
per atom, agreed within a factor of two with the number of 4s electrons 
deduced from magnetic data. At the 1953 Gordon Conference, Pugh proposed 
that the disagreement between the values of n* as given by the Hall and 
the magnetic measurements be explained by a dependence of the mobility of 
the electrons in the 4s and the 3d bands upon spin orientation. Mott 
(8) suggested that the 4s electrons whose magnetic moments were aligned 
parallel to the magnetization could not be scattered into the parallel 
3d sub-band until a temperature increase caused the parallel 3d sub-
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"band to begin to empty. N. Bloembergen suggested that, if the spin is 
conserved in the scattering process, the value of n* should vary with 
temperature. In particular, n* should be roughly twice as large at the 
Curie temperature as at absolute zero. On the basis of these con­
siderations, Pugh (9) generalized the Jones-Zener (10) equation for the 
Hall coefficient with two-band conduction to an expression for the Hall 
coefficient utilizing four bands. In this model the ordinary Hall 
coefficient is given by 
Uj = the effective number of carriers in sub-band j 
( j = 1,2,3,4 indexes the sub-bandsj 4s parallel, 4s anti-
parallel, 3d parallel, 3d anti-parallel, respectively). 
The temperature dependence of the ordinary Hall coefficient was 
investigated by Cohen (11) for the Cu-Ni alloys, for three of these 
alloys in greater detail by Allison (12), and for the Co-Fe alloys by 
Beitel (13). These investigators found good agreement between the 
observed temperature dependence of Rq and the predictions of the model 
if it was assumed that one half of the 3d band was full at absolute zero 
and that 3d band conduction could be neglected. Most recently Dressen 
(l4), investigating the Ni-Pd alloys, found that the 3d band conduction 
could not be ignored, but that the four-band model did fit the observed 
R = -l/Ne 
o ' > 
where 
O". = the bulk conductivity of sub-band j, and 
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dependence of resistivity and n* on composition at absolute zero and 
offered a qualitative explanation of the temperature dependence on these 
quantities. It was necessary, however, to assume the existence of non-
parabolic bands, as was found necessary to explain the temperature 
variation of the resistivity of these alloys (15). 
It has been shown that some of the features of the electronic struc­
ture of the ferromagnetic transition elements can be elucidated by the use 
of the simple four-band model. However, as was realized some time ago, if 
n* were solely dependent upon the band structure there should be a smooth 
variation in its magnitude as a function of composition going through the 
alloy series from Cu through Ni to Co. There is, however, a distinct cusp 
in this function at pure Ni (9) in the Ni-Cu and Ni-Co series. At pure 
cobalt (9, 13) such a cusp is seen in the alloy series Ni-Co and Fe-Co. 
For the alloys of silver with Pd, Cd, Sn, and Sb a cusp is also seen at 
pure silver (16). These results suggest that the Hall effect depends upon 
the scattering mechanism, which is purely thermal only in the case of pure 
metals, as well as upon the band structure. This conclusion was emphasized 
by Coles (IT), who suggested that the assumption of a relaxation time which 
depended only upon energy was the most likely flaw in the model. The Ni-Pd 
alloys were investigated in the present work to determine the effects of 
changing the impurity scattering, while presumably not altering the band 
structure in an unknown manner. 
The theory of the extraordinary Hall coefficient is quite recent and 
is not yet in a form which can be utilized for quantitative predictions. 
At first the existence of such a coefficient was attributed to an effective 
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magnetic field within the ferromegnetic material. Pugh and Rostoker (18) 
concluded that the only possible explanation for the effective field was 
spin-orbit coupling of the conduction electrons. Karplus and Luttinger 
(19) derived a theory of the extraordinary effect on the basis of spin-
orbit coupling and found that R^ was proportional to the square of the 
resistivity if only impurity scattering was considered. Argyres1 theory 
(20) of spin-orbit interaction in an alternating electric field gives 
the same result in the zero-frequency limit. On the basis of transport 
theory and spin-orbit interaction, Smit (21) concluded that (R -^Rq) is 
proportional to resistivity squared and he challenged the calculation of 
Karplus and Luttinger. Luttinger (22), in a more complete derivation of 
the Hall effect in ferromagnetics, found that both of the previous 
theories were approximations to the more complete theory. A simplified 
version of his theory indicates that, considering impurity scattering 
only, the extraordinary coefficient contains terns proportional to the 
first and second powers of the resistivity. Although most investigators 
find that the dependence of R^ on the resistivity can be approximated by 
a power law, the deviations from a simple power law and the empirical 
values of the exponents required to fit the data indicate that the 
current status of the theory is unsatisfactory. 
The present work was undertaken primarily to investigate the assump­
tion that the anomalous Rq for pure nickel was due to the effects of 
changes in scattering mechanisms. The pseudo nickels are ternary alloys 
of Ni with Fe and Cu in such proportion as to keep the electron-atom ratio 
constant. From previous work on the iron group of elements it is expected 
that the band structure of these alloys would remain basically that of 
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nickel and that the number of 4s electrons would remain constant at 0.6, 
the excess 4s electrons entering the 3d band such as to keep the number of 
holes per atom to the value characteristic of nickel. If this supposition 
proved correct, the magnitude and the temperature dependence of the RQ'S 
for the pseudo-nickels should approach that of the copper-nickel alloys 
investigated by Allison and Pugh (12), and the variation in the extra­
ordinary effect of these alloys with temperature should be largely 
determined by impurity scattering. 
Since a great deal of work has been done on nickel and its adjoining 
transition elements, the choice of this alloy system for investigation was 
made with the hope that some explanation for the anomalous behavior of 
nickel might be forthcoming, and that the large amount of data existing on 
the iron group of transition elements would supply a basis of comparison. 
Smit (21) made some measurements on twq of these alloys and his results 
indicated that the existing models could not easily be used to explain them, 
but did indicate a behavior similar to that observed previously in several 
alloys. This fact and the desire to test a pseudo nickel with a composi­
tion more nearly that of pure nickel provided added incentives to this work. 
With Smit1 s results (21) and the behavior of the Ni-Pd (l4) alloys, investi­
gations of the pseudo nickels might throw some light upon the effect of 
alloying on the importance of 3d conductivity. Furthermore, the disagree­
ment in the results of Smit on Ni-Co (21) with those of Pugh (7) and his 
co-workers indicated that it would be desirable to investigate the pseudo 
nickels using the techniques and the equipment which had been used in the 
many previous studies made in this laboratory. 
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THEORETICAL CONSIDERATIONS 
Ordinary Effect 
Tne free electron model of conduction in metals yields the expression 
for the ordinary Hall coefficient given by Eq. 1. However, this model 
predicts that the Hall coefficient will always be negative, whereas 
positive coefficients are observed. If the existence of a periodic 
potential within the ionic lattice is taken into account, a better model 
of the behavior of the electrons results. Under the influence of this 
periodic potential, whose periodicity is that of the ionic lattice, the 
electronic energy levels split into bands of allowed energies which may 
have forbidden energy gaps between them or which may overlap at some 
points in the energy-wave vector surface. In the transition elements, it 
is believed that the band of energies formed by the 4s electrons overlaps 
that formed by the 3d electrons, such that both bands contribute to the 
electronic properties of these elements and such that holes are left 
behind in the 3d band. 
Complete discussions of the band theory of solids and the transport 
theory of metals are readily available (23), so that we shall only discuss 
the assumptions involved and emphasize those aspects of the theory which 
will be used later to analyze the data. The first assumption made is that 
the potential which the electrons experience is that produced by the stat­
ic configurations of the atoms of the lattice and an appropriate average 
of the field due to the electrons. That is, the state of the metal is 
described by one-electron wave functions, the number of electrons in each 
state limited by the Fauli exclusion principle. Using the one-electron 
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Schroedinger equation and a Hamiltonian containing an applied electric 
field and an applied magnetic field, one obtains an expression for the 
change of the distribution function of the electrons in k space (k denotes 
the propagation vector of an electron in the reduced reciprocal lattice) 
with time. This expression can be identified with the term in the 
Boltzmann equation which gives the partial time derivative of the distri­
bution function due to collisions. This identification is most readily 
made if the matrix elements representing .the interband interactions of 
the applied fields are neglected. It is precisely this assumption of 
the negligible effect of the interband matrix elements which must be 
abandoned in the theory of the extraordinary effect. If the distribution 
function of the electrons is given by f(k,r), where f is the Ferai function 
in the absence of external fields, then the resulting Boltzmann equation is 
-e/fi (E + v x B) . grad^ f = (bf/dt)coll . 
The number of electrons per unit volume whose wave vectors lie within an 
interval dk about k is equal to (l/kÏÏJ) f(k,r)dk. 
Sondheimer (24-) solved the Boltzmann equation and obtained the 
ordinary Hall coefficient subject to the following assumptions: 
1. The conduction electrons can be described by two bands, which, 
for the Fe, Co, Ni transition elements, arise from ks and 3d 
atomic states. 
2. The energy of the s-band electrons can be approximated by 
2 2 
E = •fi k /2ms, where is the effective mass for electrons in 
this band. 
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3. The energy of the d-band electrons can be approximated by 
E = Eq - 6^k^/2m^, where m^ is an effective mass for this band. 
4. The effect of collisions can be taken into account by a relaxa­
tion time, which is a constant over the Fermi surface; i.e., 
(df/dt)c02_-]_ = - f°)/f . This means that, if the external 
field is removed at time t = 0, f approaches the equilibrium 
distribution function f° as 
(f - f°) = (f - f°)t=0 exp (-t/r ) • 
For impurity scattering the assumption that the relaxation time 
is a function of energy alone may be reasonable, but it may not 
be for thermal scattering (25)• 
With these assumptions, the expression for the ordinary Hall coeffi­
cient is given by 
Ro " - h  t ît ($) " iç (#) ] ' 
where n and n, are the number of 4s electrons and 3d holes per atom. 
s d ' 
respectively. The electrical conductivity associated with the two bands 
are designated by cT and respectively. As pointed out by Pugh (9), 
however, because of the ferromagnetic character of the transition elements, 
only above the Curie point could the parallel and anti-parallel halves of 
the s-band be considered equivalent. Thus, if the different scattering 
probabilities, due to the unequal filling of the two halves of the 3d band, 
were taken into account the equation for the ordinary Hall coefficient 
could be generalized to 
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Ro = 
Ne Lnsp n sa n dp 
C3da| 
da 
•(M 
The subscripts p and a denote the parallel and anti-parallel electrons, 
respectively. 
If d-band conduction is neglected, the last two tenus of Eq.. 4 vanish. 
For s-band electrons, the two spin-orientations are equally probable, giv­
ing 
nsa = nsp = V2 ' 
and the ordinary Hall coefficient reduces to 
2 I 2 
Ro ~ Nen 1 - (i+X)^ 
where X is <^/ <J^. Expressing this equation in terms of n*, we have 
1 
n* • k [  (5) (1+X)2 J 
With any reasonable assumptions, X is limited to the range 0^ \ ^ 1, 
the case X = 1 occurring when the 3d sub-bands are equally filled, For 
this case Eq. 5 yields n^/2 ^  n* ^ n^. These values of n* were observed in 
most of the Ni-Cu (12) and Fe-Co (13) alloys, so that these alloys could 
be analyzed in terms of a two-band model. For the Ni-Pd (l4) alloys and 
for the alloys studied here, we find that n* > n^. Within the framework 
of the simple band model it is necessary, therefore, to analyze the pseudo 
nickels in terns of the full four-band model of Pugh (9)• 
In order to obtain the expression for the dependence of n* upon 
magnetization and, thus, upon temperature (if the scattering is mainly 
12 
dependent upon the density of states in the d bands), assumptions must be 
made as to the density of states in the d band. Moreover, the analysis 
used to account for the behavior of Rq must also explain that of the 
resistivity. 
For each sub-band the conductivity can be expressed as 
evaluated at the Fermi surface. Hence, the resistivity is proportional to 
the density of initial states and to the probability of scattering P; 
Pzvl/f . The relaxation time, V , is considered to be a function of E 
only. 
The scattering probability, in the format of perturbation theory, is 
proportional to the product of the density of final states and to the square 
of the matrix element of the perturbing potential between the final and ini­
tial states. We shall assume that spin is conserved in the scattering 
process. 
Therefore, 
P~K2N(E) 
Assuming that the 3d sub-bands can be represented as inverted bands 
of parabolic form, the density of states per unit volume is 
N(E) = A(Eo-E)ly/2 
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The number of holes per unit volume in a 3d sub-band then is given by 
Eo 
N = A5 (VE)1/2 55 = 2^ 3 A(EQ-Ef)3^ 2 
E 
Therefore, the density of states at the Fermi level (S^) can be written 
N(Bf) = A2/3 (3N/2)1/3 
Expressions of this kind for each sub-band can be used to determine the 
ratios of conductivities among the sub-bands, provided we assume that the 
matrix element for inter-band scattering is the same for all sub-bands. 
At absolute zero for the alloys of interest here, only impurity 
scattering should contribute to the matrix elements. If we assume that in 
this alloy series the density of final states in the s-band as well as the 
number of s-band conduction electrons remains constant as the composition 
changes, and if we assume that the scattering centers act independently 
and that the Born approximation is valid, the probability of scattering 
has the dependence 
p
~ Z • 
•L J J 
In this-equation, p is the concentration of the ith component and U.. is 
1J 
the matrix element of the perturbing potential due to the difference in 
the potential about the ith and jth component atoms. If it is now assumed 
that the scattering is spherically symmetric around each of the component 
atoms, we have 
Ik 
it 
Uij = i  lvv/ f (e)de • 
For Rutherford scattering, is proportional to the charge number (z) of 
I I  2  2  | is proportional to (àZ) . The 
probability of scattering for the pseudo nickels, with these assumptions, 
is then given by 
P = 9CF + CN + 4FN , (6) 
where C, F, and N are the concentrations of Cu, Fe, and Ni, respectively. 
The numerical coefficients in Eq. 6 are based on the fact that the charge 
number of Fe differs by two from Ni, that of Cu by one from Ni, and that 
of Fe by three from Cu. 
Since the density of states in the 3d band is probably a factor of 
ten greater than that in the 4s band, for the ferromagnetic transition 
elements at absolute zero probably only s-d scattering is important. In 
any event, all of the components of the scattering probability, according 
to the above assumptions, are proportional to the same function of compo­
sition, so long as the band structure remains unchanged. Therefore, since 
Rq depends upon the ratios of conductivity, it should be the same for all 
the pseudo nickels at a given temperature. Any deviation from the behavior 
as predicted above could be due to the inapplicability of a number of the 
assumptions made in the previous derivation. In particular, if copper, 
due to its filled d-band, was not effective in causing s-d scattering, 
that portion of the scattering probability in each sub-band due to inter­
band transitions would be proportional to a sum of terms in Eq. 6 with the 
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concentration of copper equal to zero. Hence, if s-d scattering is not 
completely dominant, even within the framework of the approximate theory 
given above, R would have some dependence upon composition. One reason 
for this is that the scattering potentials for s-s and for d-d scattering 
are probably not identical. 
As a result of the considerations in the previous paragraph, it is 
not certain that the independence of Rq from changes in composition can 
be predicted on the basis of current theory. 
Associated Effects 
When a metal carrying electrical and thermal currents is placed in a 
magnetic field, a number of galvano-magnetic and thermo-magnetic effects 
are observed. For the experimental arrangement which is used in measuring 
the Hall effect, the associated effects of interest are the transverse 
ones. In this arrangement a metal strip in the (x,y) plane carries an 
electrical current density or a thermal current density q , with a mag­
netic field H in the z direction. 
If / 0 and jy = 0, an electric field exists in the y direction. 
This field is called the Hall effect, which was discussed previously. 
If ^ 0 and q_y. = 0, a transverse temperature gradient will exist. 
This field is known as the Ettingshausen effect. If the probes used for 
measuring the Hall potential are of a material different from that of the 
sample, this temperature gradient will create a thermo-electric potential 
between the probes which will add to the Hall potential. Schindler (6) 
and Foner (7) found that the corrections to the Hall potential due to this 
effect were on the order of Hp, In this work we have used probes and wires 
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composed of the material of the sample, eliminating the need for this 
correction. 
If dT/dx ^  0 and = 0, a transverse electric potential will exist, 
the effect being characterized by the Nernst coefficient. Allison and 
Pugh (12) pointed out that the Peltier effect stemming from the sample 
current will cause unequal heating of the two ends of the Hall sample. 
This heating, combining with the Nernst effect, will cause a spurious 
potential to be added to the Hall potential. As they showed, the existence 
of an extraordinary Hall effect implies the existence of an extraordinary 
Nernst effect, and in Hall experimentation the transverse electric field 
will be the sum of the Hall and Nernst potentials : 
ey = <VoH + + <VoH + <V'K • 
At high fields the derivative with respect to B of this expression divided 
by the current density is identified as R*. 
B ?  =  R „ +  % •  
If &M/&B is equal to zero, R* is a linear function of q^/j^, with a slope 
Qq and an intercept Rq. By changing the thermal bath material and sample 
current direction in a vertically mounted sample, Allison found that the 
dependence of R* on q /was linear, and that for a sample of 80 Ni-20 Cu 
at room temperature Rq was 5c/° different from R* . Allison's samples were 
4.5 cm long, while those in this investigation were 10 cm long, so that it 
vas assumed that no correction need be made for this effect. With the 
longer samples, the temperature gradient along the sample caused by the 
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Peltier effect, will be smaller than is the case for shorter samples. 
Hence, the spurious potential arising from the temperature gradient (Nernst 
effect) should be smaller with longer samples. 
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EXPERIMENTAL EQUIPMENT AND PROCEDURE 
Samples and Sample Mounting 
From the purest available nickel, copper and iron, ingots of each 
desired composition were triple arc melted and cast. The ingots were then 
cold rolled and machined, from each of which three pieces 1.00 x 0.50 x 0.25 
inch in size were produced. One of these pieces from each ingot was used in 
the density determination, after which portions of it were used to make the 
Hall probes, the Hall leads, and the powder for the magnetization measure­
ments. 
Another of the pieces from each ingot was cold rolled and ground to 
final dimensions. These samples were labeled 1, 2, and 3. Because of 
difficulties in obtaining a uniform thickness by grinding, the last of the 
pieces from each ingot was cold rolled to final thickness on a precision 
mill. The thickness control was better in this process, although one 
sample failed to roll properly. These samples were labeled 1A, 2A, and 3A. 
None of the Hall samples was annealed, since results on cold worked 
material were desired first, for the purpose of possible later comparison 
with results on annealed material. 
Chemical analyses of the ingots by Ledoux and Company yielded the 
compositions given in Table 1. 
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Table 1. Composition of samples (weight per cent) 
Sample Ni Cu Fe Co C Mn Cr 
1A 96.96 2.18 1.02 0.06 0.006 not detected 
2A 93.10 5.03 2.14-9 0.06 0.010 not detected 
3 85.43 10.02 4.78 0.05 0.008 not detected 
Reducing these compositions to an atomic per cent basis gives the 
compositions listed in Table 2. 
Table 2. Compositions of samples (atom per cent) 
Sample Ni Cu Fe 
1 96.82 2.08 1.10 
2 92.76 4.63 2.61 
3 85.69 9.29 5.04 
It can be seen from Table 2 that all of the samples are slightly rich 
in iron, although the effective number of unpaired spins deduced from these 
compositions are within 1$ of that of pure nickel. 
The final dimensions of the three samples used in the Hall measurements 
are given in Table 3» 
20 a 
Table 3. Hall sample dimensions 
Sample Length (cm) Width (cm) Thickness (cm) 
1A 10.0 1.27 0.0970 
2A 10.0 1.27 O.O965 
3 10.Ô 1.27 0.0823 
These dimensions are known and uniform to about 1.5/b. 
Density measurements were made in carbon tetrachloride at 24°C using 
Archimedes1 principle, and the results are listed in Table 4. 
Table 4. Sample densities 
Sample Density (gm/cc at 24°c) 
1A 8.9059 ± 0.0001 
2A 8.8938 + 0.0001 
3 8.8861 + 0.0001 
The density values are consistent with the compositions, assuming that 
the crystal structure of these alloys remains that of nickel and the iron 
and copper enter the lattice substitutionary. It is known that these 
alloys are all single phase with the fee structure of nickel, the lattice 
constant and Curie point being little altered. 
The samples, in the form of a flat plate, were clamped to copper 
current electrodes and held in a Micarta holder. Two Hall probes of the 
same material were pressed nearly opposite each other against the sides of 
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of the sample of phosphor-bronze springs, and they were positioned by 
slots in the Micarta. The Hal 1 leads were of one piece with the probes, 
the latter being pointed to provide a small area of contact with the 
sample. The leads were carried about six inches up the holder and soldered 
to copper leads within a copper box to eliminate thermal eraf's. Two cop­
per probes, also spring loaded and positioned by slots, were located 3»97 
cm apart on one side of the sample for resistivity measurements. A 
thermocouple was attached to each of the copper current clamps. 
Magnet and Magnetic Fields 
The A. D. Little Magnet and its associated circuitry, as described by 
Foner (27) and Beitel (28), was used with a 2.5-inch gap and 5«5-inch 
diameter tapered iron-cobalt pole pieces. The fields were constant to 
within 1% over the working area. The fields were calibrated with a rotat­
ing coil fluxmeter and standardized with a 1000-gauss standard magnet. 
Field measurements were made using the same cycling procedure as was used 
for the Hall measurements. The field values were accurate to + 0.5%. 
Temperature Control 
Constant temperature baths were used in order to maintain the 
desired temperature over the considerable lengths of time required to make 
the measurements. The Dewar described by Cohen (11) was used with baths 
of liquid hydrogen (20°K), liquid nitrogen (77°K), and, at room tempera­
ture Dow Corning D. C. 200 silicone oil. The low viscosity of this oil 
(1.5 centistokes) aided in eliminating thermal gradients along the 
vertically-mounted samples. 
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Measurement Procedure 
Hue hall potential was measured using the two-probe system, as 
described by Beitel (13). Figure 1 is a schematic diagram of the measure-
ing circuitry. Battery B supplies the sample current, the magnitude of 
which is controlled by the set of resistors R^. A bank of six double-pole, 
double-throw switches allows either potentiometer to be used for measuring 
the Hall potential, the sample current (IR drop across a 50-mv, 30-amp 
shunt), the sample IR drop, the thermocouple potentials, and the field con­
trol standardizing voltage. A bias voltage introduced into one Hall lead 
offsets the reversal in sign of the Hall potential with field reversal. 
In measuring the transverse potential, a cycling procedure is used. First, 
a series of N7-S7 reversals was made, then the sequence S7-S9-S7-SÔ-S7-S6-
S7-S5-S7, etc. Following this, a second series of N7-S7 reversals, a 
corresponding N incremental sequence, and a third series of N7-S7 reversals 
are completed. The sample current, resistivity and temperatures are 
measured at the beginning, middle and end of the run. At each temperature 
for each sample at least three runs were made, two with the current in one 
direction (up or down) and one with the current in the other, to detect 
any effect of a possible thermal gradient in the bath. Usually, the three 
runs were taken sequentially without removing the sample from the holder 
or making any modification except to renew the bath. 
The field cycling procedure tends to eliminate the drift due to the 
strong temperature dependence of as well as any drift in the reference 
potentials. Averaging the results for the two field directions eliminates 
potentials which are an even function of the field. 
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Fig. 1 Schematic of measuring circuits. 
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The field values used for runs 1 through 42 are given in Table 5« 
There was no evidence of hysteresis in the magnet when the cycling pro­
cedure described above was used. Field measurements showed that the fields 
were reproducible to within 0.5$ (the limit of accurate meter indication) 
upon reversal. 
Table 5» Field strengths 
Field (kilogauss) 
Position Runs 1-38 Runs 39 - 42 
9 25.95 25.80 
8 24.05 23.80 
7 22.25 21.85 
6 20.30 19.30 
5 15.25 13.65 
4 12.90 11.20 
3 10.54 8.80 
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EXPERIMENTAL RESULTS 
Saturation Magnetization 
Except for the data on the two samples of Smit's (21) there are no 
data on the saturation magnetization of the pseudo nickels. The Curie 
method was used* to measure the magnetization of powdered specimens of 
each of the three alloys used in this investigation. These measurements 
were made in fields of 11657 and 12239 gauss, the arithmetic average of 
the measurements at each field being taken as the correct value. With 
the samples sealed in evacuated tubes, the magnetic moment per gram was 
measured at four temperatures. The results are shown on Fig. 2, with a 
comparison curve for pure nickel (26). The close agreement with the 
nickel curve at low temperatures provides some confidence in the accuracy 
of the composition of the samples, as well as an indication that satura­
tion has been reached at fields of 12 KGS. However, at 300°K alloy 3 
exhibited a non-saturated behavior in the Hall voltage. No correction 
could be made for the field dependence of the saturation moment, since a 
full magnetic study was not undertaken. As indicated by Dreesen (l4), 
however, the correction should be smaller than the experimental error. 
In Table 6 are listed the experimental values of the magnetic moment 
per gram, 
<£ = W/iJk , 
* Measurements made by the author in the laboratory of Dr. R. R. 
Heikes of the Westinghouse Research Laboratories, with the assistance 
of R. Mrdjenovich. 
2k 
where A is the effective atomic weight, JU Q is the Bohr magneton, N is 
Avogadro1 s number, and n is the number of unpaired spins per atom. Also 
listed are the values of the effective number of unpaired spins per atom 
calculated from the value of g~q extrapolated to absolute zero. The 
orbital contribution to the magnetic moment is unknown in these alloys, 
while in nickel it seems, from measurements of the g factor, to contribute 
some 10$ of the moment. 
Table 6. Saturation magnetization of pseudo nickel 
Magnetic Moment Unpaired Spins 
Temperature per gram per atom 
Sample a °K erg/gm-gauss ( calculated ) 
1A 0 (extr.) 58.8 0.623 
77 58.2 
193 56.1 
300 53.8 
374 51.0 
2A 0 (extr.) 59.4 0.637 
77 58.9 
193 58.5 
300 54.5 
374 52.7 
3 0 (extr.) 57.2 0.599 
77 56.2 
193 53.5 
300 50.5 
379 45.9 
a Sample 1A has the least alloying additions and sample 3 the most. 
With the uncertainty in the orbital moment and the experimental error 
of perhaps 2$, the exact value of nQ cannot be taken too seriously. Never­
theless, a comparison of the value expected on the basis of the chemical 
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N/CK£L 
Approxh*ia.ic error on 
a// foihis 
ro 
vri 
ZOO 300 400 
TEMPERATURE f°K) 
500 600 TOO 
Fitj. 2 Saturation magnetic moment per graza vs. temperature. 
The curve for ni kel is x'rom reference (26). 
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analyses of the samples is of interest. From these analyses the calcu­
lated values of nQ are: Sample 1A, 0.605; sample 2A, 0.610; and sample 
3, 0.612. These calculations were made assuming the chemical analyses 
to be correct and assuming that each iron atom added two holes and each 
copper atom subtracted one hole. 
It is expected that as the composition deviated from that of pure 
nickel the Curie point would be lowered, but not significantly. However, 
from Fig. 2 it is evident that the Curie point of sample 3 has been 
lowered by upwards of 100°C, perhaps due to a lack of saturation. 
If the magnetic measurements are correct in indicating an excess of 
holes over the value aimed at (0.606 for pure nickel) this fact might 
have a large effect upon Rq, which in nickel seems to be very sensitive 
to small amounts of impurities. The sensitivity of Rq to small changes 
in the concentration of holes arises from the possibility of a rapid 
change in the mobility of holes in the nearly-full d sub-band. 
Experimental Error 
During most of the runs made it was difficult to hold the galvano­
meter registering the Hall voltage in balance. The noise voltage, which 
varied in intensity with little correlation with sample or temperature, 
was probably the result of a combination of vibration (due to the magnet 
cooling pump operation), thermal agitation within the alloy and local boil­
ing of the thermal bath in which the samples were immersed. For a given 
run, a plot of transverse potential as a function of magnetic induction 
exhibited deviations from the anticipated linear dependence, at individual 
points, of such magnitude as to make the slope of the line uncertain by 
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about + %. At a given temperature, duplicate runs on a given sample 
exhibited a maximum range in slope and intercept of about 10$. From three 
to five duplicate runs were made on each sample and for each temperature. 
The duplicate run values of transverse field per unit current density at a 
given magnitude of magnetic induction were arithmetically averaged to yield 
the curves in Figs. 3, 4, and 5* This averaging doubtless reduced the 
probable error in the slope and intercept of the curves of Figs. 3, 4, and 
5. 
The number of field points used to establish the lines (five to seven, 
depending upon the saturation induction) and the number of duplicate runs 
made were sufficiently small that the use of normal distribution statistics 
was not justified. Estimates of error were made by observing the scatter 
of points and the variations in slope and intercept made possible by "eye 
fitting" the plotted data. This process indicated that the slope and 
intercept of the curves of Figs. 3, and 5 have a probable error of about 
+ 2$. A crude confirmation of this error was obtained by performing a 
least-squares fitting of a rather poor curve — sample 2A at 77°K (Fig. 4). 
With the assumption that the error in magnetic induction was much smaller 
than the error in transverse potential, standard error formulae for least-
squares fits of straight lines predicted a probable error in slope and 
intercept of about 1.5$» Thus, in the equation 
V 
8h = -r= RoB + <Eî-R5K » 
it was assumed that e^ had a probable error of + 2$, due to the error in 
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To determine R*, the derivative with respect to B of the above 
equation was used; that is,. 
âeH àM 
5B" = RS + (RÎ"R$) 5B" • 
If it is assumed that dM/dB is zero, the slope of the curves in Figs. 3 ,  
4, and 5 gives R* directly. Now, the probable error in the measurement of 
sample thickness (t) was about 1.5$, while that in sample current (i) was 
about 0.5$ (combination of current shunt accuracy and battery supply sta­
bility) . Primarily due to the uncertainty in reading the gaussmeter, the 
probable error in magnetic induction (B) was 1$. Therefore, if one uses 
standard theory on the propagation of precision indices of products and 
quotients, the probable error in 
•j - a 
is about 2.7$. 
The value of the intercept (at B = 0) of the curves of Figs. 3 ,  4, 
and 5 yields (R*-R*)M„. Hence, 
v_(o)t 
= -Ï-M- ' 
S 
The value of the saturation magnetization (Mg) is equal to the product of 
the density (d) and the saturation magnetic moment per gram ( <T ). The 
probable error in density was about 0.01$ and in was about 2$. There­
fore, the probable error in M was about 2$. Combining the probable errors 
in VH (2$), t (1.5$), I (0.5$) and Mg (2$), the probable error in R£ - R* 
was about 3.2$. 
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The effective number of conduction electrons per atom (EL*) is computed 
from Avogadro's number (Nq), the density (d), the effective atomic weight 
(A), electronic charge (e) and the ordinary Hall coefficient (R*) by the 
relation 
n* = R* N ed ' 
o o 
No error was taken for e and N . For d an error of 0.01$ existed, and for 
o ' ' 
R* the value 2.7$, derived above, was used. The effective atomic weight 
is the sum of the products of the atomic fractions and the atomic 
weights of each constituent of the alloy. The error is A is, therefore, 
equal to the error in chemical analysis. This error was taken as 2$. 
With these assumed errors, the probable error in n* was 3-4$. 
Hall Voltages 
The transverse potential was measured at 20, 77, and 300°K as a 
function of field strength on samples 1A, 2A, and 3- Figures 3 through 5 
present the values of the transverse electric field per unit current den­
sity (Vt/l) in units of volt-meter/ampere as a function of field strength 
and temperature at 300°K, 77°K, and 20°K, respectively.* Here, V is the 
transverse potential, t the sample thickness and I the sample current. 
The points are the average of at least three runs, and are plotted as the 
difference between the measurement at a given field and that at the 
* The curves for 20°K on Fig. 5 are duplicated, since one set of 
measurements was taken prior to adjusting the magnet electronic control 
stability and re-evacuating the Dewar flask, while the other set was 
taken subsequent thereto. 
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reference field. Table 7 gives the values of Vt/l for each curve in Figs. 
3, 4, and 5. 
A straight line of the foim 
Vt/I = R0B - (R^X, (7) 
was drawn through the high-field points. Mg is the saturation magnetiza­
tion at the appropriate temperature. In every case a straight line fitted 
the data quite well at fields above magnetic saturation. The slope of the 
line is usually called R* to allow for possible spurious transverse poten­
tials and for the possibility that è M/ ÔB ^  0. It is R* which is report­
ed herein. 
The effective number of conduction electrons per atom, n*, was calcu­
lated from the relation 
n* = -l/NeR* = -A/dH eR* , 
' o v o o 
where d is the density, Nq is Avogadro's number and A the effective atomic 
weight. 
R* was calculated from the intercept of Eq. 7» The resistivity was 
measured at each temperature. There was no noticeable magnetoresistive 
effect within the precision of the rather inefficient method of measuring 
the resistance used in this work. 
Since thermal expansion corrections are much smaller than the experi­
mental error, the room temperature dimensions and densities were used 
throughout. 
Figure 6 shows the resistivity as a function of temperature for each 
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of the alloys, with the nickel curve (l4) for comparison. Figures 7, 8, 
and 9 present the temperature dependence of R*, R*, and n*, respectively. 
In Fig. 10, R* is plotted as a function of the resistivity on a logarith­
mic scale. Table 8 lists the values of R*, R*, n* and resistivity. 
Suit's data (21) are included for comparative purposes. It should be 
stressed that the data for nickel used for reference was obtained by 
Dreesen on the same equipment, using identical techniques, and during 
the same time period as the author used. 
Table 7. Experimental data on Hall effect 
Temp Vt/l (volt-meter/ampere x 10-*-®) at field no. 
Sample °K 9 & 7  6 5  4 3  Runs 
1A 300 9.52I 9.326 9.210 9.034 8.516 8.433 8.167 25,24,23, 
10,8,2 
1A 77 3.476 3.334 3.160 2.976 2.480 2.256 2.025 26,27,28, 
7,5 
20 3.418 3.255 3.062 2.846 2.346 2.087 1.779 29 
1A 
20 3.449 3.274 3.064 2.795 2.269 1.985 1.680 39,40 
2A 300 12.84 12.64 12.46 12.25 11.67 11.38 11.06 17,18,19 
2A 77 6.4o6 6.184 5.862 5.609 4.899 4.507 4.148 20,21,22 
20 6.024 5.732 5.440 5.121 4.405 3.908 3,530 37,38 
2A 
20 6.197 5.933 5.573 5.200 4.243 3.845 3.386 42 
3 300 15.12 14.83 14.53 14.19 13.35 12.55 11.77 11,12,13 
3 77 9.201 8.765 8.419 7.949 6.877 6.361 5.745 14,15,16, 
33 
20 9.736 9.275 8.740 8.080 6.659 5.990 5.419 41 
3 
20 8.880 8.444 8.054 7.600 6.410 5.901 5.269 34,35 
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Fig. 3 Transverse electric field per unit current 
density vs. magnetic induction at 300°K. 
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BfKGS) 
Fig. U Transverse electric field per unit current 
density vs. magnetic induction at 7?°K. 
Fig. 5 Transverse electric field per unit current 
density vs. magnetic induction at 20°K. 
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Table 8. Summary of Hall coefficients and resistivity 
Sample 
Temp 
(°K) 
-R* 0 
(m^/coul x 10"1"0) 
- R£ 
(m^/coul x 10"1"0) 
e 
( ohm-cm) 
n* 
(el/atom) 
1A 300 0.807 13.1 12.1 0.849 
77 0.946 2.59 4.04 0.724 
20 1.01 2.2$ 3.24 0.678 
2A 300 1.09 17.5 16.0 0.632 
77 1.45 5.49 7.29 0.475 
20 1.59 4.47 6.04 0.433 
3 300 1.65 20.8 25.1 0.4l8 
77 2.18 7.81 14.5 0.316 
20 2.30 6.89 13.6 0.300 
sia 290 1.45 l6.6 15.0 -
77 1-7 5.9 7.1 -
20 2.05 5.7 6 .3  -
S2b 290 2.1 15.2 20.2 -
77 2.1 6.9 - -
20 2.4 6.3 - -
a Ni 92.5, Cu 5, Fe 2.5 (Sinit). 
^ Ni 85, Cu 10, Fe 5 (Smit). 
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DISCUSSION 
Quality of the Results 
"While the noise level (due to thermal agitation, vibration and the 
boiling of the bath liquids) did prevent high precision in the results, it 
did not prevent the making of unambiguous measurements. In any event, the 
conclusions of this study could not have been altered by greater precision. 
The Hall coefficients were determined individually from each run, in 
addition to the average values quoted earlier. The results of these anal­
yses showed a measured range in R* of c -10$. Similarly, a measured range 
of 5-10$ in R* was evident. Although the inherent error in resistivity due 
to the method of measurement was about 1$, the individual results showed a 
random variation of about 3$« For the saturation magnetization, the error 
was about 2$, and there was an uncertainty in dimensions of about 1.5$. 
If all the above-mentioned experimental uncertainties are considered 
as well as the effects of averaging the results from similar runs, the 
Hall coefficients have an uncertainty of about 3$« 
This conclusion is predicated upon the assumption that R* is equal to 
Rq. This identification is probably justified, since the high Curie point 
makes it almost certain that &M/&B was negligible and since precautions 
were taken to avoid spurious thermal emf's. 
In these alloys order-disorder phenomena are absent and the density 
of "foreign" atoms is so high that the scattering properties of disloca­
tions should be negligible. The maximum density of dislocations in 
12 —2 
severely cold-worked metals is about 10 cm (29)• A solute atom fraction 
of 10*"^ is equivalent to a dislocation density of about 10^* cm"^, if the 
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solute atoms are arranged in lines to simulate dislocations. Moreover, it 
was found (29) that a solute atom fraction of 10 ^  increased the 
resistivity of copper as much as severe cold work did. In the present 
_2 
study the smallest solute atom fraction is 3 x 10 . Therefore, it.is 
expected that results from these samples apply to the annealed state also. 
Ordinary Hall Coefficient 
As will be discussed below, the results of this investigation have 
pointed out several factors of importance in understanding the electronic 
behavior of ferromagnetic metals. The anomaly in the magnitude of R that 
is found in pure nickel becomes less and less pronounced with increasing 
quantities of alloying elements, even when these are added in proportions 
that keep the total number of electrons constant. One is struck by the 
similarity of behavior of the pseudo nickels produced by adding Cu and Fe 
with those produced by adding Pd to Ni. The simple band model quali­
tatively predicts the correct temperature dependence of the ordinary Hall 
coefficient and this prediction uecomes more nearly quantitative as the 
proportion of nickel decreases. This behavior provides several clues to 
the abnormal behavior of nickel. 
As can be seen from Fig. 7, the behavior of the ordinary Hall coeffi­
cient with temperature is in agreement with predictions based on the band 
model. That is, Rq decreases with temperature, although in no case is it 
clear that the value of Rq at the Curie temperature will be as small as 
half its value at absolute zero. This decrease by a factor of two would 
be expected to occur if one-half of the d-band were full at absolute zero 
and both halves equally filled at the Curie temperature, and if the simple 
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"band model were adequate. In Fig. 3, this ideal behavior would be repre­
sented by a doubling of n* from 0°K to the Curie point. 
As in the case of the Ni-Pd alloys, the value of n*, except for 
sample 3, does not decrease to ng/2, and over much of the range of 
temperature in samples 1A and 2A,n* exceeds the value of ng. It is shown 
in Fig. 9 that as the percentage of alloying elements decreases, the 
value of n* increases and approaches that of pure nickel. Previously 
it was shown that within the context of the multi-band model of Pugh (9), 
high values of n* can only be explained if d-band conductivity is signi­
ficant. As will be demonstrated below, this conclusion follows from a 
detailed analysis of the results of this study. While an analysis 
based on the four-band model, as was performed by Dreesen (14) for the 
Ni-Pd alloys, could have been made for these alloys, the extent and pre­
cision of the available data did not warrant it. Considering the un­
certainty in the experimental values in the Hall coefficients and in the 
resistivity, and the incompleteness of the available magnetic data, such 
an analysis could show only that d-band conductivity is, indeed, impor­
tant, a fact evident without the analysis. Furthermore, quantitative 
results from such an analysis are suspect because of the assumptions which 
have to be made about the dependence of the sub-band conductivities on the 
magnetization. The analysis of Pugh (9) for nickel could be made without 
unreasonable ambiguity because the resistivity of nickel at absolute zero 
vanishes. Dreesen (l4) had to assume non-parabolic bands, and even in his 
case only an analysis at absolute zero was attempted, with the assumption 
that only impurity scattering is important. For reasons stated below 
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it is not certain whether either of these approaches would be fruitful in 
the case of the pseudo-nickels, even if sufficient information were avail­
able to attempt a numerical fit to the data. 
As shown in the theoretical discussion, if impurity scattering alone 
is considered, and the ordinary perturbation theory for the resistivity of 
alloys is employed, the resistivity is proportional to the sum of products 
of the concentrations ; see Eq. 6. From Eq. 6 and the measured concentra­
tions of the alloying elements, the ratios of the resistivity at 20°K to 
the sum (S) of the terms in Eq. 6 were determined. 
£= 9CF + CN + 4FN . 
These ratios are given in Table 9* Also shown in this table are the 
ratios of these resistivities to the sum ( ) of the terms of Eq. 6, 
calculated with the assumption that copper does not contribute to s-d 
scattering (concentration of copper set equal to zero in Eq. 6) and that 
only inter-band impurity scattering is important. 
S*1 = 4FN . 
The ratios in this table are given in arbitrary units. It can be seen 
that, although the ratio is reasonably independent of the concentration 
using either assumption, the variation is greater than the experimental 
error and that no definite conclusions can be drawn. On the basis of 
these figures it could be concluded that either the perturbation theory 
is inadequate or that intraband transitions are important contributors to 
the resistivity. 
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Table 9* Dependence of resistivity on composition 
Sum of Eq. 6 
Sum of Eq. 6 less Cu 
Sample f (20) £ 2 P(20)/2 f(20)/^' 
1A 3.24 0.648 1.10 5.00 2.94 
2A 6.04 1.50 2.61 4.02 2.31 
3 13.6 2.94 5.04 4.63 2.70 
Even though it is questionable whether or not the perturbation 
theory result for the resistivity is applicable to these alloys, the fore­
going data do not contradict this assumption too strongly. Furthermore, 
it is probably true that interband transitions predominate because of the 
high density of states in the 3-d band. If this is true, however, the 
band model for the ordinary Hall coefficient, since it depends upon only 
the ratios of conductivities, predicts that Rq (at absolute zero at least) 
should be independent of composition for the pseudo nickels, so long as 
the band structure is independent of the composition. 
The results of this investigation indicate that the ordinary Hall 
coefficient is critically dependent upon the nature of the scattering 
mechanisms operative and imply that it cannot be understood simply on the 
basis of the naive band model. Coles (lj) believes that the major fault 
lies in the assumption that the relaxation time is a function of energy 
alone. However, if this assumption is dropped, no adequate theory exists 
to explain any of the Hall data, and it is difficult to see how to arrive 
at a logical dependence of the relaxation time on the wave vector in each 
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zone. We will, therefore, explore the possibilities for explaining the 
data on Rq within the context of the simple multi-band model. 
One explanation lies in the fact that all of the pseudo nickels used 
in this investigation contained an excess of iron, and presumably, excess 
holes. If the number of electrons in the s-band is decreased because of 
this factor, n* would decrease as is observed. Moreover, holes may exist 
at low temperature in the parallel d-band, also tending to decrease the 
effective number of carriers. It is difficult, however, to credit this 
explanation since the indicated number of excess holes is extremely small 
and since the number of excess holes increases as the percentage of alloy­
ing elements increases. Notwithstanding this latter fact, it is hard to 
conceive of a large effect of the excess holes in sample 3 when the value 
of n* at absolute zero approaches ng/2, as it does in all the well-behaved 
alloys previously studied in this laboratory. 
Another explanation might be an increase in d-band conduction as pure 
nickel is approached. This explanation (14) accounted for the behavior of 
n* with composition in tLe Ni-Pd alloys, although just why this increase 
should take place is still obscure. It cannot be due to an increase in 
the population of holes, since for the pseudo nickels used in this investi­
gation, the population should decrease as pure nickel is approached. 
Furthermore, significant changes in the population of the bands should 
drastically alter the saturation magnetization. No such alteration is 
observed in the pseudo nickels or in the Ni-Pd alloys. 
The only explanation that seems reasonable is that in nickel there 
are some highly mobile d-band carriers. As foreign atoms are added to the 
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nickel lattice, this mobility is drastically reduced and the model appro­
priate to explain the behavior of n* becomes the two-band model in which 
only s-d transitions are important, these transitions closely following 
the behavior of the magnetization. Although the resistivity should not be 
so sensitive, as is the ordinary Hall coefficient, to small amounts of 
d-band conduction, in this investigation it was observed that the tempera­
ture coefficient of resistivity appeared to increase monotonically as one 
proceeded in composition from pure nickel to the higher alloy contents. 
While at least for sample 3 this behavior is obscured by the lower Curie 
point, this dependence of the temperature coefficient on composition is 
indicative of an increasing contribution of inter-band (magnetization-
sensitive) transitions to the resistivity as we proceed from pure nickel. 
Extraordinary Hall Coefficient 
As stated in the theoretical section, there is no theoretically or 
empirically satisfactory explanation of the behavior of the extraordinary 
Hall coefficient. Nevertheless, many investigators have found the pre­
dicted power-law dependence of upon resistivity, although very seldom 
is the exponent two as the simple theory predicts. 
In Fig. 10, a logarithmic plot of as a function of resistivity for 
the three alloys investigated here is given. Straight lines connecting 
the high resistivity points of a given alloy are shown on this figure. 
These lines have the following slopes which represent the "n" in the theo­
retical expression Rn = Afn: Sample 1A, 1.4; sample 2A, 1.4; sample 3, 1.7. 
As in the case of the Ni-Pd (14) alloys, there tends to be a positive 
curvature in this plot at low resistivities. The curve for sample 3 is a 
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good straight line throughout the range of resistivity. This was also 
found by Dreesen (14) to be the case for the alloy 60 Pd-40 Ni.. Both of 
these alloys, interestingly enough, fit the two-band model for the ordin­
ary Hall coefficient. As was the case in the pseudo-nickels, as pure 
nickel was approached in the Ni-Pd series, the R^- curves become more 
curved and the value of n* becomes larger. Unlike the case of Ni-Pd, 
however, if one connects the points on Fig. 10 which were taken at a given 
temperature, one does not even obtain approximately straight lines, but 
rather, curves of negative slope. 
It can be seen that the available theories for the extraordinary Hall 
coefficient do not explain the behavior of this coefficient in the pseudo-
nickels. However, the similarity in the behavior of the pseudo-nickels 
and the Ni-Pd alloys, with respect to both Rq and R , is suggestive of a 
strong dependence of both of these coefficients upon the details of the 
scattering mechanism. 
FUTURE WORK 
In order to understand properly the behavior of the pseudo nickels, 
additional experimental work should be done, and it would appear necessary 
that the theory be better developed. In the experimental vein, a number of 
things can be done rather easily which will narrow down the area of uncer­
tainty in explaining the behavior of the pseudo nickels. 
An accurate determination of the saturation magnetization of each of 
the pseudo-nickel alloys as a function of temperature up to the Curie point 
should aid in enabling numerical calculations of both resistivity and R_ 
to be made with some confidence. In order to utilize the resistivity in 
numerical analysis of the Hall data, the resistivity of the pseudo-nickel 
alloys should be measured with great precision throughout the range of 
temperatures to the Curie point. The investigation of these alloys must 
be carried down to helium temperatures where the analysis is expected to 
more nearly represent the true behavior of these materials. 
Another pseudo-nickel alloy much closer to nickel in composition than 
was sample 1A should be investigated, it it can be prepared with the proper 
controlled chemical composition. A study of this alloy should give one 
more confidence in attributing the variation of Rq with composition to the 
effects of impurity scattering, and should allow one to more properly apply 
the simple theories of resistivity. 
The investigation of these alloys should be extended to the range of 
higher Cu and Fe content. It would be interesting to see if, as was indi­
cated in this study, the magnitude of n* continues to decrease with increas­
ing alloy content. This trend also was found in the Ni-Pd alloys (l4) with 
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increasing Pd content. Of particular significance would be a decrease in 
n* below ng/2. 
The effect of annealing the samples should be determined and a more 
stable arrangement of the probes used for measuring the transverse poten­
tial utilized. 
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